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Who are we? 
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1. Geo space approach to study Earth processes 
2. Nature of pre-earthquake effects in atmosphere-
Lithosphere-Atmosphere coupling  
3. Sensor Web approach to study pre-earthquake  
phenomena  
4. Concept of Multi Sensor Observations - Joint analysis of 
satellite and ground observation 
5. Retrospective/prospective tests  
6. Summary 
 
Outline 
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Geospace Observation Networks 
All sky imager 
Magnetometer 
FG/EM/IN/Array 
Electrode Array 
 Corona probe 
 FM Tuner 
 Doppler Sounding 
Ionosond
 GPS TEC 
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What is the name of this image? 
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Blue Marble 
Photo ID of planet Earth from Space 
NASA 
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Occultation rays/TECs 
TBB receivers 
50 km 
Ionospheric Bubbles 
Radar scan 
GPS receiver 
GPS Tri-band Beacon (TBB): Tomography & Scintillation
Liu, 2007 
Mission Orbit: 800 km, 30 deg separation Global Distribution of F3/C Radio 
Occultation 
Courtesy from CY Huang (2006)  
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3-D Ionospheric GPS Electron Density Observation 
Plasma cave 
Plasma Tunnel 
04:00 UT 
Liu, 2007 
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NASA GSFC, June 7, 2007 
Earthquakes risk is still one of the biggest treat to human security  
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Annual reported economic damages from natural disasters: 1980-2011
Selected disasters with largest economic impact
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Earthquake Naples Province
Italy
($54 billion)
Earthquake Sichuan
China P. Rep
($87 billion)
Hurricane Katrina,
USA
($176 billion)
 Rita and Wilma
Earthquake Niigata-ken
Japan
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Earthquake Kobé
Japan
($145 billion)
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Earthquake/Tsunami Tohoku 
Japan
($210 billion)
Earthquake Izmit
Turkey
($27 billion)
Earthquake Northridge
 USA 
($45 billion)
Earthquakes risk is still one of the biggest treat to human security  
The deadliest natural hazard: 
Earthquake  and tsunami 
The most expensive type of natural hazard: 
Earthquake  and tsunami 
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Map showing the locations of earthquake early-warning systems currently in operation 
(blue) or development (green) around the world. Operational systems include Japan, 
Taiwan, Mexico, and Turkey. Systems are in development for California, Egypt, 
Greece, Iceland, Italy, Romania, and Switzerland. The locations are overlaid on the 
GSHAP global seismichazard map (Giardini et al., 1999). (After Allen, 2007) 
Map of earthquake early-warning systems 
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Foreshock analysis                                         Air Temperature/Humidity    
  
NOAA Thermal Anomaly                      GPS/TEC Anomaly 
Ouzounov et al, 2011 
 
2013: What have we learned from the 2011 M9 Tohoku Earthquake?  
Multi – parameter pre-earthquake  panel 
 
 
(-1-3 days) 
(-3 days) 
(-3 days)
(-1-2 days) 
Papadopoulos, 2011 
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Long term seismic  
Hazard modeling 
day week  month 
A 
hour 
 
 year  decade hour 
 
day week  month  year  decade 0 
Response Time  Anticipation Time  
week  month hour 
 
 year  decade hour 
 
day week  month  year  decade 0 
Earthquake Early Warnings USGS 
 (5-55 seconds after the  events) 
Tsunami Warning( USGS 3-5min  after the earthquake) 
Post-Earthquake Info for Response and Recovery 
Response Time  Anticipation Time  
 
Operational   Forecasting 
 
Earthquakes progress as chain reactions  
After Tom Jordan (SCEC, Monterey CA,2011) 
      Observations     Model     Validation     Results      
 
? 
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day week  month  year  decade 0 
Earthquake Early Warnings USGS 
 (5-55 seconds after the  events) 
Tsunami Warning( USGS 3-5min  after the earthquake) 
Post-Earthquake Info for Response and Recovery 
Response Time  Anticipation Time  
Long term seismic  
Hazard modeling 
day week  month 
A 
hour 
 
 year  decade hour 
 
day week  month  year  decade 0 
Response Time  Anticipation Time  Pre Earthquake short -term 
phenomena 
     Ionosphere 
Radon/ion anomalies 
     GPS/TEC 
 
Operational   Forecasting 
Thermal satellite  
 
Earthquakes progress as chain reactions  
After Tom Jordan (SCEC, Monterey CA,2011) 
      Observations     Model     Validation     Results      
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International Collaborative  Framework 
 
      
 
 
 
 
 
 
PRE-earthquake, Italy,  2011 
ISSI-Bern,  2014 
Fall AGU San Francisco, 2004-2014 
IWEP, Taiwan, 2013 
IWEP2, 2015, Chiba VESTO, 2009, Chiba 
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The Lithosphere -Atmosphere coupling 
After Bleier and Freund 2008 
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Faults activation – permeability changes 
Gas discharges including radon 
 emanation 
Air ionization by D-particles – 
product of radon decay 
Ions hydration– formation 
of aerosol size particles Humidity drop 
Latent heat release 
Air temperature growth 
Air conductivity change 
Atmospheric electric 
field growth 
Electric field effects  
within the ionosphere Earthquake clouds formation 
Convective ions uplift, charge  
separation, drift in anomalous EF 
OLR anomalies 
Air pressure drop 
Jet-streams 
Field-aligned irregularities 
 in magnetosphere 
 VLF noises trapping,  
cyclotron interaction 
Particle precipitation 
Schematic presentation  
of the LAIC model 
ZLWKUHG 
 
(Pulinets and Ouzounov, 2011) 
Schematic presentation of the LAIC model 
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Faults activation – permeability changes 
Gas discharges including radon emanation 
Air ionization by D-particles – 
product of radon decay 
Ions hydration– formation 
of aerosol size particles 
Humidity drop 
Latent heat release 
Air temperature growth 
OLR anomalies 
7KHWKHUPDODQRPDOLHVFKDLQ/$,&
IURPERWWRPWRWRS
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Where we are now 
Methodology of  the pre-earthquake signals we are investigating 
Satellite Thermal Radiation Anomalies  
      
  
 
GPS /Total Electron  
Content  
 
Radon/ Gas variations  
      Sensor Web 
      Data Integration 
Seismo –tectonic  pattern
Atm. Temp & 
Humidity  (AcP) 
    
  
  
 
Concept of Multi Sensor Observations 
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Typical radon variations before earthquake 
Kobe, Japan 
1994-1995 
Copala, Mexico 
Sept 1995 
Typical radon variations, Turkey 
Radon variations, Orange, CA, USA Typical radon gamma variations, Taiwan, 2014 
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Earth thermal radiation anomalies 
• OLR refers to the sum total of all the long wave 
EM energy infrared radiation that escapes from 
the Earth back to space 
• measured on the top of the Earth's atmosphere  
• at wavelengths ranging from 5 to 100 
micrometers.  
Global OLR (NASA) 
TOA Pre-earthquake OLR anomaly Dec 19,, Sumatra  2004 
Earth Energy budget 
CERes 2015:  Dimitar Ouzounov - Geospace Integration of Satellite and Ground Observations  
Methodology-> How we do the detection of the transient radiation 
field Input Data 
(NOAA, NASA) 
Reference  
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trend 
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Detection  
Hot spot definition 
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   Demo: Signal/Noise detection theory. 
Chiba University, Japan, 2009 
 
Eq related 
signal., Freg=.2 
 
Transitional 
Noise 
Freg=1 
 
Semi 
Transitional 
Noise ,  Freg=.5 
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Time  averaging 
  
   Demo: Signal/Noise detection theory. 
Space filtering 
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 Eq related signal 
σ-> MIN 
 
Transitional noise, 
weather features 
σ->MAX 
 
 
Semi Transitional, 
active faulting  
σ->{MIN,MAX} 
 
   Demo: Signal/Noise detection theory. 
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Retrospective statistical studies of TIR signals 
 
Kamchatka (Russia) Japan 
Japan, Taiwan  - 24  major events (2004-2009, M>5.8)  
Kamchatka( Russia ) 14, major events (2006-2008, M>5.8)  
Mexico - 13 major events (2004-2009, M>6)  
Mexico Taiwan 
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Prospective Testing - Japan M6+ (Dec 2012-Dec, 2013)- 8 major earthquakes 
 
Date TimeUTC Latitude Longitude Depth Magnitude RegionName
10/25/13 17:10:17 37.22 144.69 10 7.1 OFFEASTCOASTOFHONSHU
9/4/13 0:18:25 30.04 138.8 419 6.5 IZUISLANDS
5/18/13 5:48:01 37.79 141.51 52 6 NEAREASTCOASTOFHONSHU
4/21/13 3:22:17 29.96 138.96 435 6.2 IZUISLANDS
4/1/13 18:53:17 39.58 143.1 10 6 OFFEASTCOASTOFHONSHU
2/2/13 14:17:34 42.79 143.17 100 6.9 HOKKAIDO
12/7/12 8:31:14 37.95 143.75 30 6.2 OFFEASTCOASTOFHONSHU
12/7/12 8:18:23 37.92 144.02 30 7.3 OFFEASTCOASTOFHONSHU
With yellow 
are marked the 
alerted events 
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Prospective tests for Japan 
Dec 2012-Dec 2013, for M>5.5 (Stage 1)  
Total alerts: 75 : Earthquake occurrence: 51 
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Prospective tests for Japan (Stage 2) 
Dec 2014-Dec 2015, for M>6 
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M7 of July 12, 2014 Eastern Honshu, Japan 
With red star –  
epicenter of M7  
07.12.2014,  
Red solid lines-  
plate boundaries ,  
Brown  lines –  
fault systems,  
orange dash circle – 
 estimated region  
 for the future 
epicenter 
 
32 
Alert was issued on June 21, 2014, 
21 days in advance  Epicentral map ( EMSC) 
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Daily TIR detection maps, NPOES, night time  
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M7 of July 12, 2014 Eastern Honshu, Japan 
34 
06.20.2014 06.21.2014 
ALERT 
06.21.2014 
-22 days 
 
07.12.2014 
M7  E. Honshu 
Earthquake 
22 days 
Daily Forecasting Maps 
Alert was issued  
on 06.21.2014 
22 days in advance 
 
Forecasting threshold  
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02.09.201
5 
M6.8 of Feb 16, 2015 Eastern Honshu, Japan 
Alert was issued on  Feb 9, 2015 
7 days in advance  
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1. Using the fundamental principles of atmospheric physics  the updated  
Lithosphere-Atmosphere –Ionosphere Coupling concept can  explain the 
most of the observed atmospheric/ionospheric variations observed 
before the earthquakes.  
 
2. The Geospace Sensor Web  of using  different satellite sensors and 
different geophysical fields strongly support the LAIC estimates. Our 
Initial results show that this approach  used as integrated web, could 
provide an earthquake early-warning capabilities( from hours to several 
days); 
 
4. The lead time for thermal anomalous signals before the earthquake 
occurrence varies between 2 and 7 days, for GPS/TEC 1-3 days; 
 
5. Our findings demonstrate the presence of related variations of these 
parameters implying their connection with the earthquake preparation 
process . 
 
4. Next is to Test, Improve and Test again… 
 67/69 
Points to take home  
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